O CULOPHARYNGEAL MUSCUlar dystrophy (OPMD) is a rare late-onset hereditary myopathy characterized by progressive ptosis and dysphagia. [1] [2] [3] [4] [5] [6] In addition, proximal limb muscle weakness that restricts mobility may develop late in the disease course. 6 Oculopharyngeal muscular dystrophy is inherited in an autosomal dominant pattern and is caused by small expansions of a polyalanine (GCG) triplet repeat sequence (normal = [GCG] 6 ; affected=[GCG] 9 +) in the gene encoding poly(A) binding protein 2 (PABP2) on chromosome 14q11.2-q13. 7 PABP2 is a 33-kd nuclear protein that has regulatory functions in polyadenylation of messenger RNA. 8, 9 Similar to affected cells in other triplet repeat disorders, 10, 11 myocytes from patients with OPMD have intranuclear inclusions 12, 13 composed of, at least in part, PABP2 protein. [14] [15] [16] The pathogenic mechanism of OPMD is unknown.
Cases of OPMD have been reported in 29 countries. 6 The 2 largest populations of patients with OPMD reported to date are of French descendants in Quebec 2, 5, 17 and Bukara Jews in Israel.
18, 19 Smaller cohorts have been reported in Spain, France, Germany, the United Kingdom, and several other countries. 5, 6, [20] [21] [22] [23] [24] In the United States, only small case series have been reported including patients of French-Canadian or European descent and Hispanics. 1, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Numerous patients with OPMD have been seen as outpatients at the 2 major hospitals that serve the entire population of New Mexico through referrals from rural-based practitioners. This study was designed to characterize the OPMD population in New Mexico. 
METHODS

Medical Record Review
Genetic Analysis
Polymerase chain reaction (PCR) amplification (primers 5Ј-CATGGTGAC-G G G C A G G C A G C -3 Ј a n d 5 Ј -GCTCCTCAGGCTCCAGTTCC-3Ј) was used to investigate the amino terminus of the PABP2 gene in genomic DNA extracted from peripheral blood leukocytes (Puregene kit, Gentra, Research Triangle Park, NC) from 10 patients (from 10 different kindreds) with OPMD who volunteered for genetic testing. Unaffected spouses provided genomic DNA for controls. Standard PCR conditions were used with 1 µCi of (␣-32 P)-dATP (deoxyadenosine triphosphate), 1.5 units of Taq DNA polymerase (Promega, Madison, Wis), and 0.3 units of Pfu DNA polymerase (Strategene, La Jolla, Calif). Radioactive PCR products were electrophoresed (10% polyacrylamide gel with 7 M of urea), detected by autoradiography, and sequenced (primer 5Ј-GGCAGGCAGCT-TGAGCTAATG-3Ј; Sequi-Therm Excell II DNA kit; Epicentre Technologies, Madison, Wis) to determine the exact mutation. Gel purification of the PCR products was necessary for sequencing. Without purification, extensive contamination of the mutant allele with the product from the normal allele led to misinterpretation of the sequence (eg, the apparent presence of GCA insertions embedded within the normal [GCG] 6 trinucleotide repeat).
RESULTS
We identified 216 persons (99 women and 117 men) from 39 separate kindreds that fulfilled the clinical diagnosis of OPMD and reported heritage in the state of New Mexico. The largest concentration of probands lived in northern New Mexico (FIGURE). All affected individuals were reported, or selfdescribed, as Hispanic. From the entire cohort of 216 cases (including historical cases with limited data), 190 (88%; with 19 [9%] unknown) had ptosis and 127 (59%; with 74 [34%] unknown) had dysphagia. In the subset of cases in which ptosis and dysphagia were both present and the age of onset was known (n=47 [22%]), ptosis was noted before dysphagia in 20 cases (43%), both signs were noted concurrently in 20 cases (43%), and dysphagia was reported before ptosis in 7 cases (14%). Thirty-six patients had ptosis surgery and 15 patients reported surgical procedures for dysphagia (cricopharyngeal myotomy, botulinum toxin injection, esophageal dilatation, gastrostomy/nasogastric tube placement, or tracheotomy). At the close of our study period, 94 patients were living (44%), 68 were deceased (31%), and the status of 54 (25%) was unknown. The mean (SD) age at death was 71 (12) (TABLE) . For patients in whom this information was known, the mean age at onset for ptosis (n=36) was 52 years (median, 51; range, 32-72 years), for dysphagia (n=28) it was 54 years (median, 54; range, 32-76 years), and for proximal weakness (n=15) it was 63 years (median, 51; range, 27-74 years). Ice water swallowing time was available for 14 cases and was prolonged in 12 (86%). Myopathic changes were seen on electrophysiology in 9 of 13 cases (69%) and by pathological examination in 14 cases that underwent biopsy. An identical heterozygous [GCG] 9 polyalanine repeat expansion in the PABP2 gene was found in all 10 patients (from 10 different kindreds) examined. Unaffected spouses were homozygous for the normal [GCG] 6 sequence.
COMMENT
Oculopharyngeal muscular dystrophy is a rare disorder, with very few cases reported in the United States. In this study, we identified an OPMD population of 216 Hispanic New Mexicans from 39 different kindreds over a 4-generation period. This cohort is likely the largest in the United States, second largest in North America, and one of the largest clusters of OPMD in the world. The identification and characterization of this previously unrecognized population has raised several points related to the clinical features, the genetics and molecular epidemiology, and the health care impact of this population that should be of interest to clinicians, geneticists, population epidemiologists, and scientists studying triplet repeat disorders. The spectrum of clinical signs and symptoms of the New Mexican OPMD population is similar to that previously reported. 3, 5 We found that ptosis preceded or occurred simultaneously with dysphagia in the majority of patients and that proximal limb muscle weakness tended to follow ptosis and dysphagia. Debility was more profound in this cohort of patients who presented for evaluation and historically reported affected individuals than initially predicted for a myopathy of specialized musculature. However, the cohort was selected from outpatient clinics rather than a general population. The more profound debility was primarily due to progressive swallowing dysfunction and decreases in mobility. Many patients benefited from surgical procedures to address their progressive symptoms. The clinical phenotype was highly variable, ranging from physically active individuals with mild ptosis to patients of similar age with significant dietary restrictions and debilitating systemic muscle weakness. The full spectrum of this disorder will be the focus of future studies of additional affected individuals in this cohort.
The correlation of clinical and cellular dysfunction with the presumed toxic gain of function of mutant proteins in the triplet repeat disorders is a matter of much discussion and study. [35] [36] [37] It is not clear how a ubiquitously expressed mutant protein exerts such a selective effect on a specific cell population such as the eyelid and pharyngeal muscle groups in OPMD. In addition, it appears that there are thresholds of cellular dysfunction in these disorders that vary over time because they are adult-onset diseases, even though the mutant protein has been expressed for the entire lifespan, and there is a progressive continuum from limited muscle group involvement to widespread skeletal muscle involvement in individual patients. It also has not been established how the pathological hallmark of the triplet repeat disorders, intranuclear inclusions of mutant protein, correlates with aberrant cellular processes or the clinical phenotype. 10, 11, 38 We found that the genetic abnormality of the New Mexican OPMD patients from 10 kindreds studied to date is an identical expansion of 3 extra codons that code for alanine ([GCG] 9 genotype). This confirms the findings of several other studies that this small triplet repeat expansion is correlated with clinical OPMD 7, 34 as opposed to the other triplet repeat disorders, in which expansions are in the tens to hundreds of nucleotides. 39 The origin of the OPMD mutation in New Mexico is not known. These cases may be from a new mutation(s) with geographical isolation (founder effect) at a "hot spot" in the genome that has a predilection for limited expansion. This mutation also may have been introduced by Spanish colonists who explored this region in the 1500s or by French-Canadian fur trappers in the 1800s. 40 All affected individuals in our cohort are Hispanic, as are the majority of patients with OPMD recently reported in the United States. [32] [33] [34] Many of our patients can trace their ancestry to colonial Spanish families that settled in New Mexico in the 16th and 17th centuries. This alone does not resolve the origin of the mutation in this region since the [GCG] 9 3-codon expansion has been reported in patients from both Spain and Quebec. It has been proposed that a California OPMD cohort 32 and a US family of Scottish descent 30 are likely new mutations by haplotype and higher order genomic analyses.
We found that the majority of the New Mexico probands were born in northern New Mexico in the Rio Grande River basin. This region is very rural and mountainous with limited health care resources. We expect that many more affected individuals live in this region who may benefit from recognizing that ptosis is not simply a family trait, but a medical disorder that can be treated. Despite the marked debility reported by affected individuals in this population, we found no adverse effect of the OPMD mutation on life expectancy when compared with longevity in unaffected siblings. This suggests that the as yet unknown mechanism of disease in OPMD does not alter critical cellular pathways that shorten lifespan, and future interventional measures that interrupt the manifestations of the mutant protein may have a significant impact on this and other OPMD cohorts.
Finally, identification of this large Hispanic OPMD population has several practical benefits. It should raise the awareness of clinicians, both in the 
